Introduction
Scleroderma, also known as systemic sclerosis, is a connective tissue disorder of unknown aetiology characterized by fibrosis of the skin and visceral organs such as the lungs, gastrointestinal tract, kidneys and heart. Collagen overproduction by altered fibroblasts and complex dysregulation of the immune system are also implicated in the overall disease process. 1 -3 Involvement of the heart is frequent and results from inflammatory and ischaemic lesions affecting the pericardium, myocardium and conduction system. Congestive heart failure and myocardial infarction are rare manifestations of scleroderma, whereas rhythm and transmission failures are seen more frequently. 4 -6 In autopsy studies, patchy myocardial fibrosis was seen in both ventricles despite the absence of serious coronary artery lesions. 7, 8 Other studies in patients with scleroderma have reported failure of the filling pattern, and consequently the diastolic function, of the left ventricle without clinically evident In this study, left and right ventricular functions were examined echocardiographically in 22 patients with scleroderma and 22 healthy volunteers. Conventional and tissue Doppler echocardiography and myocardial performance indexes were used as measures of right and left ventricular global functions. Mitral early diastolic E wave deceleration time, isovolumetric contraction time and left ventricular myocardial performance index and peak tricuspid A wave velocity were significantly higher in the scleroderma group compared with the control group. Mitral and tricuspid E/A ratios were significantly lower in patients with scleroderma. In addition, mitral annular and tricuspid annular isovolumetric relaxation times and the tricuspid E/E′ ′ ratio were significantly increased in scleroderma patients compared with the control group. In conclusion, in scleroderma patients the global left ventricular functions were depressed and diastolic function abnormalities were seen in both right and left ventricles. In addition, longitudinal muscle functions of the ventricles were depressed in scleroderma patients, as shown by tissue Doppler imaging parameters. myocardial disease. 9 -11 This failure of diastolic function is thought to relate to myocardial ischaemia or myocardial fibrosis resulting from damage to small intramyocardial coronary vessels. 12 Myocardial fibrosis seems to start from the subendocardium in scleroderma; 13 therefore, due to the subendocardial location of the longitudinal myofibrils, longitudinal functions and diastolic parameters have particular significance in determining early myocardial involvement.
Failure of cardiac function in scleroderma can affect both right and left ventricles. Patients with scleroderma are usually screened for evidence of pulmonary hypertension using annual Doppler echocardiographic examination together with pulmonary function tests, to identify a reduction in carbon monoxide diffusing capacity in the presence of normal spirometry. 14 Features of pulmonary vascular disease in scleroderma include impaired lung function tests, echocardiographic abnormalities with right ventricular dysfunction, and tricuspid regurgitation. Using Doppler echocardiographic examination, the velocity of tricuspid regurgitant blood flow can be used to estimate peak pulmonary arterial systolic pressure. Cardiac catheterization allows direct measurement of pressures and is used to confirm the diagnosis, assess severity and determine responsiveness to vasodilator therapy. 15 The use of echocardiographic examination to assess right ventricular diastolic function and myocardial performance index (an indicator of right and left ventricular global function) in scleroderma has not previously been studied.
Tissue Doppler imaging (TDI) is a relatively recent non-invasive ultrasound technique, allowing the measurement of velocities at any point in the ventricular wall during the cardiac cycle, 16 -18 that can be used to assess the longitudinal muscle functions of the myocardium. In addition, M-mode or two-dimensional (2D) tissue Doppler images may be used for the analysis of regional left ventricular wall motion dynamics.
In this study, left and right ventricular diastolic function, myocardial performance index and TDI parameters were studied in healthy volunteers and patients with scleroderma.
Patients and methods

PATIENTS
Patients from nephrology and rheumatology out-patient clinics with a diagnosis of scleroderma were enrolled into the study, with a control group of gender-matched healthy volunteers. The disease period, clinical features, involved systems and accompanying diseases were recorded for the scleroderma patients. Patients without sinus rhythm, those with a history of myocardial infarction, coronary artery disease, renal insufficiency or diabetes mellitus, and those with insufficient echogenicity on echocardiography were excluded from the study. Age, gender, pulse rate and body mass index were recorded for all the study participants. Written informed consent was obtained from all study participants and the local ethics committee gave approval for the study.
ECHOCARDIOGRAPIC EVALUATION
Conventional echocardiography
Standard M-mode, 2D and pulsed wave Doppler echocardiographic evaluations were made simultaneously by two researchers using a Hewlett Packard Sonos 2000 ® echocardiography machine (Hewlett Packard, Andover, MA, USA) with a 2/2.5 MHz transducer; an electrocardiogram and phonocardiogram were used for monitoring.
The patient was put in the lateral decubitus position after a 10-min rest. Echocardiographic measurements were made after expiration to eliminate respiratory changes, the patient being asked to hold their breath for a short time if necessary. Results were recorded to S-VHS video cassette at a speed of 100 mm/s, and an average of three consecutive measurements was calculated.
Left ventricular M-mode measurements were performed in accordance with the guidelines of the American Society of Echocardiography. 19 The left ventricular ejection fraction was calculated using Teicholtz's formula and the left ventricular mass was calculated using Devereux's formula. Peak early diastolic mitral filling velocity (E), peak late diastolic filling mitral velocity (A) and E wave deceleration time (DT) were measured after placing a sample volume parallel to the cursor line, in between the mitral valve ends, during pulsed Doppler evaluation and in apical fourchamber views. In addition, the maximal velocities of the systolic (S) and diastolic (D) flow wave of the inferior pulmonary veins and the reverse A wave associated with atrial contraction (Ar) were measured. After placing a sample volume between the tricuspid valve ends in the apical fourchamber view, E and A velocities and E wave DT were measured for the tricuspid valve as a parameter of right-ventricle diastolic function. The systolic pulmonary artery pressure was measured with continuous wave Doppler using the velocity of tricuspid regurgitation; it was considered normal if there was no tricuspid regurgitation.
After placing a sample volume 1 cm over the aortic valve in the apical five-chamber view in the left ventricle outflow tract during transmitral flow, the isovolumetric relaxation time (IVRT, the time between the end of the aortic flow trace and the beginning of the mitral flow trace), the isovolumetric contraction time (IVCT, the time between the end of the atrial flow trace and the beginning of the aortic flow trace) and the ejection time (ET) (the time between the beginning and the end of the aortic flow trace) were measured.
The left ventricular performance index was calculated as:
(IVRT + IVCT)/ET The right ventricular performance index was calculated as:
where a is the total systole period from the end of the A wave in the parasternal short axis plan and the beginning of the E wave that follows it, and b is the pulmonary ejection period.
Tissue Doppler imaging
Tissue Doppler echocardiographic images were acquired in apical four-chamber views in the left lateral decubitus position using a 2/2.5 MHz transducer with a minimum frame rate of 80 frames/s. Systolic, early diastolic (E′) and late diastolic (A′) tissue velocities were recorded at the tricuspid annuli at the free wall of the right ventricle, at the septal tricuspid annuli and at the lateral mitral annuli by placing the sample volume at the annulus-leaflet junctions (Fig. 1 ).
STATISTICAL ANALYSIS
Results were given as the mean ± SD. The Student's t-test was used for comparisons. A P-value < 0.05 was considered to be statistically significant. Associations between variables were examined using correlation analysis.
Results
A total of 22 patients with scleroderma and 22 gender-matched healthy volunteers were enrolled into the study (Table 1 ). There were no significant differences in pulse rate or body mass index between the two groups. The average disease period after diagnosis in the scleroderma patients was 103.9 ± 102 months (range, 3 -396 months). Three (13.6%) of the patients with scleroderma had New York Heart Association functional capacity class II heart failure, and another three (13.6%) had hypertension.
CONVENTIONAL ECHOCARDIOGRAPHIC PARAMETERS
There were no significant differences in left ventricular diameter or ejection fraction between the two groups. Left ventricular mass index was significantly higher in patients with scleroderma than in the control group (Table 2) .
On evaluation of left ventricular filling flow ( Table 2) , there were no significant differences in peak mitral E and A wave velocities or IVRT between the two groups. Mitral E/A ratio was significantly lower. Left ventricular mitral E wave DT, IVCT and left ventricular performance indexes were significantly higher in patients with scleroderma than in the control group. On evaluation of the pulmonary flow pattern, no differences in S or D velocities or S/D ratio were found between the groups, but the Ar wave velocity was significantly increased in patients with scleroderma compared with the control group.
On evaluation of right ventricular filling flow ( Table 2) , peak tricuspid A wave velocity was significantly higher and E/A ratio was lower in patients with scleroderma than in the control group. No statistically significant differences were found in the right ventricular performance index, tricuspid E wave velocity or E wave DT between the two groups. The calculated peak pulmonary artery pressure based on tricuspid regurgitation in patients with scleroderma was 23.68 ± 20.5 mmHg, and the pulmonary artery systolic flow acceleration time was 115.9 ± 35 ms. 
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Tissue Doppler imaging parameters are given in Table 3 . Mitral annular IVRT and tricuspid annular IVRT were significantly increased in scleroderma patients compared with the control group. The tricuspid E/E′ ratio was significantly higher in the scleroderma group compared with the control group.
Discussion
Right ventricular functions, tissue Doppler imaging and myocardial performance indexes have not previously been studied in scleroderma patients. In the present study, the tricuspid A wave velocity was significantly increased and the E/A ratio was significantly decreased on conventional echocardiographic examination in the scleroderma group, 
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indicating the presence of a diastolic functional abnormality. In addition, patients with scleroderma had increased mitral DT, indicating diastolic dysfunction of the left ventricle, and increased IVCT. The pulmonary vein Ar velocity of patients with scleroderma was significantly higher, reflecting the increased left atrial pressure compared with the control group.
The left ventricular mass index was significantly increased in patients with scleroderma compared with the control group, but was still within the normal range. There were no cases of left ventricular hypertrophy; this was expected as no association between scleroderma and left ventricular hypertrophy has been reported to date.
In the present study, left ventricular myocardial performance index negatively correlated with mitral annular E′ wave amplitude. The myocardial performance index assesses the global functions of the ventricles and is not influenced by factors such as pre-load and after-load. In patients with scleroderma, the left ventricular myocardial performance index was higher and represents depressed ventricular global function compared with the control group.
Overall, in the present study, left ventricular DT, IVCT, left ventricular myocardial performance index and pulmonary vein Ar velocity were all significantly higher in the scleroderma patients. These findings indicate left ventricular diastolic dysfunction, decreased left ventricular global functions and increased left atrial pressure. In addition, the right ventricular A wave velocity increased and E/A 
ratio decreased compared with the control group, reflecting diastolic dysfunction.
Cardiac longitudinal functions and diastolic parameters have particular significance in determining early myocardial involvement in scleroderma. 13 Tricuspid annular or right ventricular TDI has been shown to be abnormal in a variety of disease states in which right ventricular dysfunction is known or suspected. Alam et al. 20 showed that adult patients with right ventricular myocardial infarction had reduced systolic and early diastolic tricuspid annular velocities, and Meluzin et al. 21 reported a reduction in systolic tricuspid annular velocities in adults with congestive heart failure.
In the present study, we used TDI to examine the longitudinal muscle fibre functions of the left and right ventricles. There were no significant changes in tricuspid annular S and E′ wave velocities. Mitral annular IVRT and tricuspid annular IVRT were significantly higher in the sleroderma group; this may represent diastolic dysfunction that affects both ventricles, and may be due to relaxation abnormalities. Tricuspid E/E′ ratio has been shown to be associated with right ventricular end-diastolic pressure. The significantly increased tricuspid E/E′ ratio in our study in the scleroderma group may indicate increased end-diastolic right ventricular pressure. Moustapha et al. 22 and Ionescu et al. 23 have shown that reduced S and E′ velocities could discriminate between healthy adult individuals and patients with longstanding pulmonary hypertension and/or cystic fibrosis. Moustapha et al. 22 also showed that these patients have systolic tricuspid annular velocity reduction, dilated right ventricles and reduced right ventricular fractional area on 2D echocardiography. Tricuspid regurgitation was seen in only six of the 22 patients in the present study, so no attempt was made to compare the calculated pulmonary artery pressures in the two groups.
In conclusion, the present study shows that global left ventricular functions are depressed in scleroderma patients. In addition, diastolic function abnormalities are seen in both right and left ventricles. TDI parameters reflecting longitudinal muscle functions of the ventricles indicated relaxation abnormalities in the right and left ventricles in scleroderma patients.
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